Low-cholesterol anhydrous milk fat (ghee) with 90% less cholesterol was prepared using butter as a base material and β-cyclodextrin as an adsorbent. Various physicochemical properties of low-cholesterol ghee such as ReichertMeissl value, Polenske value, and colour value were found to be almost unaltered by the process of cholesterol removal. However, vitamin-D content reduced by 75% in low-cholesterol ghee as compared to control ghee. Triglyceride profile of low-cholesterol ghee was comparable to control ghee. However, total polyunsaturated fatty acids showed a slight decrease in absolute terms, i.e., 5.48% in control ghee, whereas 4.61% in low-cholesterol ghee.
Introduction
Heat clarified anhydrous butterfat, generally known as "ghee" in India, is prepared from the milk of cow or buffalo or a combination thereof. Ghee is also rich in many nutritious and health-promoting components. It contains a significant level of butyric acid, which is anti-carcinogenic short-chain fatty acid along with essential fatty acids. Ghee contains a good amount of fat-soluble vitamins (A, D, E, and K), particularly vitamins A and D. As a human food, ghee has been considered immensely superior to other fats. [1] Cow ghee contains about 0.32% cholesterol while that of buffalo has around 0.27%. [2] Around 10% of the cholesterol in milk fat is esterified, remaining is in free form. [3] Many researchers in the past have shown that people who have elevated level of blood cholesterol are more prone to suffer from coronary heart disease, also called coronary artery disease. A correlation of increased risk of cardiovascular disease with an increased consumption of cholesterol-rich foods has been reported in the past. [4, 5] Animal studies have supported the fact that dietary intake of cholesterol induces atherosclerosis. [6] Moreover, upon processing and storage of cholesterol-rich foods, its oxidation products may be formed. Few of them have further deleterious effects such as mutagenicity, cytotoxicity, andcarcinogenicity. [7] A number of physical, chemical, and biological processes have been developed for the reduction of cholesterol content of dairy products. However, only the methods involving the use of β-cyclodextrin have found success. Method for preparation of low-cholesterol ghee using the cream as a base material has already been standardized. However, not much information is available on the preparation of low-cholesterol ghee using butter as a base material. Since butter is the most common base material used by dairy industry to prepare anhydrous milk fat (ghee), an attempt was made in the present investigation to prepare low-cholesterol ghee using butter as a base material. The prepared product was then evaluated for its physicochemical properties and the compositional parameters like vitamin-D and fatty acid profile. Since triglyceride (TG) profile is considered by the International Organization for Standardization (ISO) [8] to ascertain the purity of milk fat, hence it has also been reported.
Materials and methods

Preparation of low-cholesterol ghee
Cow butter that was used for the preparation of low-cholesterol ghee was procured from the experimental dairy of ICAR-National Dairy Research Institute, Karnal. The extraction of cholesterol from butter was carried out on lab scale by using the conditions essentially based on the methodology. [9] β-cyclodextrin was used as an adsorbent to remove cholesterol from butter. Beta (β)-cyclodextrin, Supelco 37 Component FAME Mix (Sigma-Aldrich, USA), TG mixture (C24, C30, C36, C42, C48; Sigma-Aldrich, St. Louis, MO, USA), gas chromatography system, and accessories (Shimadzu, Japan).
Determination of cholesterol content in ghee
Cholesterol content of ghee was determined using enzymatic diagnostic kit. [10] Iodine value Iodine value was determined by the Wij's method. [11] Butyro refractometer (BR) reading at 40°C BR reading of ghee samples was determined by using Butyro Refractometer. [11] Reichert-Meissl (RM) and Polenske values RM and Polenske values of ghee samples were determined by the standard method. [11] Free fatty acid (FFA) value FFA content of ghee samples was determined by the standard method for estimation of %FFA in terms of oleic acid. [11] Peroxide value Peroxide value of ghee samples was determined by the standard method. [11] Moisture content
The moisture content of ghee samples was determined by the standard gravimetric method. [11] Vitamin D Vitamin D content of the ghee sample was estimated by the method. [12] Color value Colour value of ghee samples was measured using color intensity desk [13] Fatty acid profiling For determination of fatty acid profile of low-cholesterol ghee, chromatography technique was used. SLB-1 L 100 capillary column of dimensions 30 m X 0.25 mm X 0.25 µm was used in a gas chromatograph (Shimadzu GC 2010 PLUS, Kyoto, Japan, with GC solution software), equipped with flame ionization detector and temperature control module. Nitrogen was used as carrier gas with a column flow rate of 1.93 mL/min and a split ratio of 1:50. For the purpose of injection, fatty acid methyl esters (FAME) of the samples were prepared using a standard method. [14] One microliter of sample was injected into the gas chromatography machine. Injector and detector temperature used was 240°C. Oven was initially maintained at 50°C and then the temperature was raised to 220°C at 3/min.
Triglyceride profiling
Triacylglycerol profile of control and low-cholesterol ghee was analyzed by gas chromatography using MXT-5 capillary column of 5 m length (cut from 15 m X 0.25 mm X 0.25 µm) in gas chromatograph (Shimadzu GC 2010 PLUS, Kyoto, Japan, with GC solution software), equipped with auto-injector, flame ionization detector, and temperature control module. The methodology of ISO) [8] was used for the analysis of the samples. Nitrogen was used as carrier gas with a column flow rate of 2.81 mL/min and a split ratio of 1:20.
For the preparation of the sample, 100 µL of molten ghee was transferred to a 10 mL volumetric flask, and the volume was made up using n-hexane. The injection volume used for analysis was 0.5 µL, and the temperature of both injector and detector was set to 370°C. The initial column temperature was 80°C which was held for 0.5 min, then raised to 190°C at 50°C/min for no hold, and finally raised to 350°C at 6°C/min and held for 7 min.
Statistical analysis
All measurements were performed in triplicate and reported as the mean ± standard deviation. All statistical analyses were performed with GraphPad Prism software (version 5.01 for Windows), San Diego, CA, USA.
Results and discussion
Effect of cholesterol removal on composition
Cholesterol Table 1 depicts the various physicochemical properties of low-cholesterol and control ghee. As shown in Table 1 , around 90% reduction in cholesterol content was observed when low-cholesterol ghee was prepared using butter as a base material. The cholesterol content of control ghee was 250 ± 3.79 mg/100g of ghee while that of low-cholesterol ghee was 24.00 ± 3.00 mg/100g of ghee.
Vitamin-D
It is evident from the data presented in Table 1 that there was about 75% reduction in vitamin-D content of ghee as a result of cholesterol removal. This may be due to similarities in the structures of cholesterol and vitamin-D, which allows the β-cyclodextrin to bind both vitamin-D along with cholesterol. The findings of the present investigation are in consonance with the reports available for low-cholesterol ghee, [2] wherein 65-70% reduction in vitamin-D content in low-cholesterol ghee was reported.
Fatty acids
Fatty acid profile of milk fat has a profound impact on its physicochemical properties. Hence, the knowledge of fatty acid profile of milk fat is of considerable significance. FAMEs of milk fat were injected in gas chromatography (GC) for the determination of fatty acid profile of ghee. Before running the sample, Supelco 37 Component FAME mix was run as standard before running the sample to ascertain the retention time of various fatty acids. A comparison of the concentration of various fatty acids found in control and low-cholesterol ghee has been presented in Table 2 , and the respective chromatograms have been depicted in Figure 1 . The fatty acid composition of control and low-cholesterol ghee was almost similar with some minor differences in polyunsaturated fatty acid (PUFA) content. The unsaturated fatty acids of both the samples were majorly monounsaturated, but the total PUFAs estimated were slightly higher in control ghee (5.48%) than lowcholesterol ghee (4.61%). C 16:0 and cis-C 18:1 were the most predominant fatty acids in both the samples, representing around 57% of the total fatty acids. There was no major difference in the short-chain fatty acid (C 4:0, C 6:0 , and C 8:0 ) content in both the samples. The findings of the present investigation are in agreement with the findings of Seon et al. (2009), wherein they reported the similar concentration of short-chain fatty acids in control and low-cholesterol cheddar cheese made after treating cheese milk with cross-linked β-cyclodextrin. Fatty acid C 18:1 -trans was slightly higher in low-cholesterol ghee as compared to control ghee. However, the content of linoleic acid (C 18:2 cis) was found to be higher in control ghee (2.81%) as compared to low-cholesterol ghee (2.31%). Among other unsaturated fatty acids, the content of C 18:3 n3α , C 20:1 n9 , and C 24:1n9 was also marginally higher in control ghee as compared to low-cholesterol ghee. Rest of the fatty acid profile of both the samples had no major differences. Lower content of unsaturated fatty acids in the low-cholesterol ghee may be due to the fact that high-speed mixing of β-cyclodextrin with butter using blender might have induced oxidation of some unsaturated fatty acids.
Triglycerides
The TG composition of control ghee and low-cholesterol ghee, as determined by GC, is shown in Table 3 , and the respective chromatographs have been depicted in Figure 2 . Fifteen major peaks of even carbon number TGs, ranging from C 26 to C 54 , were identified in both control and low-cholesterol ghee. Some unidentified peaks were also observed in the chromatographs of both the samples. However, these TGs were found in very low concentration. C 50 was the most predominant TG in both control (11.87%) and low-cholesterol ghee (12.31%). Apart from C 52 , other TGs which were found to be predominant in both control and low-cholesterol ghee were C 36 , C 38 , C 40 , C 48 , and C 52 . These six TGs represented around 67% of the total TGs. C 24 was present in a very small concentration in both control and low-cholesterol ghee samples.
The TGs with smaller carbon number (C 26 , C 28 , C 30 , and C 32 ) were found to be present in a very nominal amount. C 28 , C 32 , and C 38 were present in higher concentration in control ghee as compared to low-cholesterol ghee, whereas low-cholesterol ghee had a higher concentration of C 50 and C 52 . However, these differences in TG profile of control and low-cholesterol ghee were not apparent. The present findings are in agreement with those reported by Gutierrez- Data presented as mean ± SD (n = 3).
Tolentino et al. (2007)
. [15] It is evident from Table 3 that the concentration and composition of TGs in both control and low-cholesterol ghee were almost similar. Table 1 depicts the various physicochemical properties of low-cholesterol and control ghee. As shown in Table 1 , the cholesterol removal from butter using β-cyclodextrin did not considerably affect the RM value, Polenske value, BR reading at 40°C, moisture content, and FFA value of ghee. Moreover, values obtained for various physicochemical properties were well within the values specified in legal standards of ghee in India. [16, 17] The findings of the present investigation were in agreement with the findings of Kumar et al. (2010) , [2] wherein they had prepared low-cholesterol ghee using the cream as a base material.
Physicochemical characteristics
The peroxide value of both control and low-cholesterol ghee was found to be nil, which indicated that cholesterol removal using β-cyclodextrin did not result in any oxidative deterioration. The same was reported earlier for low-cholesterol ghee made using the cream as a base material. [2, 18] The iodine value of ghee was also not much affected by treatment with β-cyclodextrin. The iodine value of control ghee was 35.38 ± 0.16, while that of low-cholesterol ghee was 36.04 ± 0.14. 11.75 ± 0.04 11.22 ± 0.26 C 40 9.74 ± 0.19 9.60 ± 0.20 C 42 6.88 ± 0.12 6.68 ± 0.30 C 44 6.14 ± 0.15 6.15 ± 0.09 C 46 6.94 ± 0.07 7.14 ± 0.05 C 48 8.68 ± 0.11 9.09 ± 0.09 C 50 11.87 ± 0.14 12.31 ± 0.13 C 52 11.85 ± 0.07 12.30 ± 0.29 C 54 7.50 ± 0.17 7.51 ± 0.53
Data presented as mean ± SD (n = 3).
Color value. The color value of low-cholesterol ghee has not been reported in the literature. Therefore, in the present investigation, an attempt was made to quantify the change in color of cow ghee as a result of cholesterol removal. The color value of ghee was expressed as L* (lightness value), a* (redness value), and b* (yellowness value). It is evident from the data presented in Table 1 that the values, i.e., L*, a*, and b*, were not very different from both the ghee samples, i.e., control and low-cholesterol ghee. This indicated that the process of cholesterol removal did not affect the typical color of cow ghee to the extent which will impact the consumer perception of cow ghee.
Conclusion
The present investigation on low-cholesterol ghee revealed that butter can also be used as a base material for the preparation of low-cholesterol ghee, achieving over 90% reduction in cholesterol content. The visual appearance of cow ghee was not affected by the process of cholesterol removal. Most of the physicochemical properties were also found to be almost unaltered. However, 75% loss of vitamin-D was observed on treatment of milk fat with β-cyclodextrin. The degree of unsaturation in low-cholesterol ghee was less, i.e., 4.61% vis‫-׳‬a-vis 5.48% in control ghee. TG profile was also unaffected by the process of cholesterol removal.
